Climate Change Adaptation on Small Island States: An Assessment of Limits and Constraints by Leal Filho, Walter et al.
Leal Filho, Walter and Krishnapillai, Murukesan and Sidsaph, Henry and J.
Nagy, Gustavo and M. Luetz, Johannes and Dyer, Jack and Otoara Ha’apio,
Michael and Havea, Peni Hausia and Raj, Kushaal and Singh, Priyatma and
Rogers, Tom and Li, Chunlan and K. Boodhan, Monica and Wolf, Franziska
and Yayeh Ayal, Desalegn and Azadi, Hossein (2021) Climate Change Adap-
tation on Small Island States: An Assessment of Limits and Constraints.





Usage rights: Creative Commons: Attribution 4.0






Climate Change Adaptation on Small Island States: An
Assessment of Limits and Constraints
Walter Leal Filho 1,2 , Murukesan Krishnapillai 3 , Henry Sidsaph 4 , Gustavo J. Nagy 5,
Johannes M. Luetz 6,7 , Jack Dyer 8, Michael Otoara Ha’apio 9, Peni Hausia Havea 10 , Kushaal Raj 11,
Priyatma Singh 12, Tom Rogers 13, Chunlan Li 14,15,16,*, Monica K. Boodhan 17 , Franziska Wolf 1 ,
Desalegn Yayeh Ayal 18 and Hossein Azadi 19,20


Citation: Leal Filho, W.;
Krishnapillai, M.; Sidsaph, H.;
Nagy, G.J.; Luetz, J.M.; Dyer, J.;
Otoara Ha’apio, M.; Havea, P.H.;
Raj, K.; Singh, P.; et al. Climate
Change Adaptation on Small Island
States: An Assessment of Limits and
Constraints. J. Mar. Sci. Eng. 2021, 9,
602. https://doi.org/10.3390/
jmse9060602
Academic Editors: Achilleas Samaras
and Ali Dastgheib
Received: 10 March 2021
Accepted: 11 May 2021
Published: 31 May 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Research and Transfer Centre “Sustainable Development and Climate Change Management”, Hamburg
University of Applied Sciences, Ulmenliet 20, D-21033 Hamburg, Germany;
walter.leal2@haw-hamburg.de (W.L.F.); franziska.wolf@haw-hamburg.de (F.W.)
2 Department of Natural Sciences, Manchester Metropolitan University, Manchester M15 6BH, UK
3 Cooperative Research and Extension, College of Micronesia-FSM, Yap Campus,
Colonia FM 96943, Yap, Micronesia; muru@comfsm.fm
4 Department of Management, Chester Business School, University of Chester, Chester CH1 4BJ, UK;
h.sidsaph@chester.ac.uk
5 Instituto de Ecología y Ciencias Ambientales IECA, Facultad de Ciencias, Universidad de la República,
Montevideo 11200, Uruguay; gnagy@fcien.edu.uy
6 School of Social Sciences, University of New South Wales, Sydney, NSW 2052, Australia; j.luetz@unsw.edu.au
7 School of Law and Society, University of the Sunshine Coast, Maroochydore, QLD 4556, Australia
8 University of Tasmania, Hobart, TAS 7005, Australia; Jack.Dyer@utas.edu.au
9 Institute of Ocean, Islands and Sustainable Development, Solomon Islands National University (SINU),
Ranadi Campus, Honiara P.O. Box R113, Solomon Islands; mhaapio@gmail.com or drhaapiom@gmail.com
10 Live and Learn Tonga, Level 1, Tungi Colonnade, Nuku’alofa, Tongatapu 966, Tonga;
ilaisiaimoana@yahoo.com
11 Climate Change and International Cooperation Division, The Ministry of Economy, Suva 11462, Fiji;
kushaal_raj@hotmail.com
12 School of Science & Technology, The University of Fiji, Lautoka 4245, Fiji; priyatmas@unifiji.ac.fj
13 School of Energy, Construction & Environment, Faculty of Engineering, Environment and Computing,
Coventry University, Coventry CV1 5FB, UK; tom.rogers@coventry.ac.uk
14 Center for Geopolitical and Strategic Studies & Institute for Global Innovation and Development, East China
Normal University, Shanghai 200062, China
15 Institute for Global Innovation and Development, East China Normal University, Shanghai 200062, China
16 School of Urban and Regional Sciences, East China Normal University, Shanghai 200241, China
17 Foundations and Prior Learning Unit, Department of Physics, The University of Trinidad and Tobago,
Trinidad 724, Trinidad and Tobago, West Indies; monicakboodhan@gmail.com
18 Centre for Food Security Studies, College of Development Studies, Addis Ababa University,
Addis Ababa 150129, Ethiopia; desalula@gmail.com
19 Department of Geography, Ghent University, 9000 Ghent, Belgium; hossein.azadi@ugent.be
20 Faculty of Environmental Sciences, Czech University of Life Sciences Prague, 165 00 Prague, Czech Republic
* Correspondence: 15598022233@163.com
Abstract: Small Island States (SIDS) are among the nations most exposed to climate change (CC) and
are characterised by a high degree of vulnerability. Their unique nature means there is a need for more
studies focused on the limits to CC adaptation on such fragile nations, particularly regarding their
problems and constraints. This paper addressed a perceived need for research into the limitations
of adaptation on SIDS, focusing on the many unique restrictions. To this end, the study identified
and described the adaptation limits they have by using a review of the literature and an analysis of
case studies from a sample of five SIDS in the Caribbean and Pacific regions (Barbados, Trinidad and
Tobago, Cook Islands, Fiji, Solomon Islands and Tonga). This research’s findings showed that an
adaptable SIDS is characterised by awareness of various values, appreciation and understanding
of a diversity of impacts and vulnerabilities, and acceptance of certain losses through change. The
implications of this paper are two-fold. It explains why island nations continue to suffer from the
impacts of CC and suggest some of the means via which adequate policies may support SIDS in
their efforts to cope with the threats associated with a changing climate. This study concluded that,
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despite the technological and ecological limits (hard limits) affecting natural systems, adaptation to
CC is limited by such complex forces and societal factors (soft limits) that more adequate adaptation
strategies could overcome.
Keywords: limits; adaptation; small island developing states; impacts; sustainable development;
policy-making
1. Introduction
Small Island Developing States (SIDS) [1] was first recognised as a distinct group of
developing countries facing particular social, economic and environmental vulnerabilities
at the Earth Summit in 1992, especially in the context of Agenda 21 (Chapter 17 G). Since
the Earth Summit, the United Nations (UN) discussed various international frameworks
and measures to assist SIDS in their sustainable development efforts. This includes the
Barbados Programme of Action, the Mauritius Strategy and the SAMOA Pathway [2–4],
among others. SIDS are distinct from other developing countries in a variety of ways.
Firstly, they have limited resources and access to technologies. Secondly, their economies
are small and relatively fragile, heavily relying on tourism as a revenue source. In addition,
they are characterised by a certain degree of vulnerability to climate change (CC) and its
impacts [5].
Not only are SIDS particularly vulnerable to CC, but they also suffer severe financial
losses when affected by climate change-related extreme events [6]. Many SIDS has used a
scenario-based approach to evaluate possible impacts, vulnerability and CC adaptation,
mainly in the first round of their national communications presented as part of their
UNFCCC responsibilities. This approach is based on using outputs from general circulation
models to provide scenarios for future CC. There are also global projections from the
Intergovernmental Panel on Climate Change (IPCC) reports (e.g., The Fifth Assessment
Report—also referred to as ‘AR5’). The AR5 provides the updated status of knowledge
regarding CC adaptation, which adjusts to the effects of current or expected climate
conditions [7]. In the international context, SIDS are known as a group of 38 United
Nations (UN) Member States and 20 Non-UN Member/Associate Members located in
three regions including the Caribbean including the Pacific and the Atlantic, Indian Ocean,
Mediterranean and South China Seas (AIMS) [8,9]. SIDS may differ significantly in culture,
history, geography or socio-economic circumstances. However, they share several features
that have led to the UN identifying them as a particular group that relies on the natural
environment along with limited industrial activity, physical remoteness and limited scale
economies [10–13]. Global CC continues to impact communities, ecosystems and many
facets of the 65 million people who inhabit SIDS [14].
Given that SIDS have considerable portions of their populations in locations exposed
to climate hazards, communities are highly vulnerable to the effects of CC [15]. The impacts
of climate change are sea-level rise (SLR), changes in rainfall patterns, increased frequency
and intensity of extreme weather events, ocean acidification and coral bleaching [16].
The accelerated increase in SLR has received much attention among the changes already
observed. It leads to coastal erosion, deterioration of land and property, rise in flood
frequency, saltwater intrusion and many ecological changes. A study by Leal Filho [17]
stated the need to pay special attention to the impacts of CC on coastal areas on SIDS.
Low-lying SIDS are even more vulnerable to the effects of CC because they have
relatively scarce natural resources and limited options for adaptation. The difference
between adaptation constraints, obstacles, barriers and limitations in SIDS is not negligible;
as Robinson [18] stated, the line is not separate and often, the word ‘limit’ is used as
‘obstacle’, constraint and/or ‘barrier’. Based on her study, two main factors drive SIDS
to their limits: the first is budget/income restriction (government expenditure) and the
second is the characteristics of natural resources (availability). She discusses that the
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previous studies [19,20] present different typologies of adaptation limits. Their typologies
include physical and ecological, technological, social and economic limits. Physical and
ecological limitations should be considered in this context as natural adjustment limitations,
associated mainly with nature from ecosystem thresholds to geographical and geological
limitations. Technological limitations occur when the “technology required for a specific
method is not accessible or very expensive” or when the technology is simply unable
to “maintain” the changes needed for a successful adaptation [19]. As Adger et al. [21]
pointed out, social limits depend on the objectives of the adaptation of an actor, which are
principles. The limits of individual and social drivers vary according to knowledge and
ethics, culture and risk attitudes.
The economic limitations arise when the costs of adaptation exceed the costs of the
averted impacts. CC also interacts differently along the coastlines of SIDS with various
human activities and other drivers of change. Extreme weather and climate impact a wide
range of SIDS-supporting economic activities such as agriculture and tourism and cause
additional risks for many small islands and atolls at low altitudes [14]. Unfortunately,
solutions to address these challenges remain elusive [22] because they often overlook the
limits to adaptation [16,22,23]. Hence, this article discusses this issue. The subsequent parts
of this paper will introduce and discuss SIDS’s climate risks and outline their adaptation
limits. In this way, the aims of this paper are as follows.
Firstly, the paper fosters a greater understanding of the main CC and climate-related
hazards on selected examples of the Pacific and the Caribbean Small Island States. Secondly,
it helps understand the ecological, economic, technological and social limits to adaptation,
particularly in the SIDS. Thirdly, it presents some case studies on policymaking, influences
and opportunities related to CC in Barbados, Cook Islands, Fiji, Solomon Islands, Tonga and
Trinidad and Tobago as examples of SIDS. The novelty of the objectives lies in investigating
projected CC impacts and vulnerabilities in the suggested case studies. More importantly,
the study objectives attempt to address the most appropriate adaptation and resilient
strategies and measures to mitigate the vulnerability of settlements, ecosystems and the
economy in the coastline regions. Finally, the discussion focuses on several opportunities
offered by CC, and the role of policies are discussed in detail. This study will contribute to
a better judgment of policy contexts and suitable policy choices and present evidence on
limits to adaptation and adaptive capacities crosswise the suggested case studies.
This study also provides the framework for understanding and exploring the un-
avoidable climate-related impacts on preventing and reducing future risks. Therefore,
the study findings may help generate up-to-date information on how and where specific
adaptation limits are addressed and losses and damages occur. Therefore, this study will
help researchers, scientists and policymakers working in CC, SIDS and sustainability by
strengthening the core scientific basis by focusing on the areas where climate adaption
strategies are overlooked.
2. Risks and Hazards and Opportunities Associated with Climate Change on SIDS
It is now well established that SIDS are exposed to various climate-induced haz-
ards increasing in frequency and severity. SIDS share several sustainable development
challenges, despite their geographical and cultural diversity, including low resource avail-
ability, small but often rapidly growing populations, geographic isolation, exposure to
hazards, excessive dependence on imports and susceptibility to global trade. Extensive
ocean-atmosphere interactions such as trade winds, El Niño and the monsoons, tropical
cyclones and hurricanes and especially SLR, influence the climate of SIDS. Combined with
their socio-economic fragility, these climate features make SIDS one of the most vulnerable
countries globally, and their inhabitants face a wide range of pressures.
The Fifth Assessment (AR5) of IPCC in 2014 provides scientific evidence that human
impacts, especially greenhouse gas emissions, are the primary factor in global warming
and resulting CC and SLR. A special report [24] warned about the many consequences of
increased temperatures on coastal areas due to SLR.
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CC effects are linked to rapid occurrences, such as more frequent and severe storms
and coastal flooding, and slow-onset processes, such as SLR land degradation and increased
sea surface temperatures (SST). Phenomena such as ocean acidification and changes in the
water cycle are also part of the process [14,16]. Failure to adapt and mitigate CC’s impacts
and the associated risks posed would lead to the loss of livelihoods, coastal settlements,
infrastructure, ecosystem services and economic stability in many island communities [16].
Box 1 outlines some examples of threats and impacts of CC, SLR and climate-induced
hazards in SIDS.
There are some examples of changing CC, sea-level rise, drivers and climate-related
hazards and their associated impacts in the Pacific and Caribbean SIDS. SIDS are partic-
ularly vulnerable to marine climate changes due to their reliance on marine resources
and the density of settlements in coastal regions. The future risks associated with the
changing climate drivers (such as sea-level rise (SLR), increase in air/sea temperature and
changing patterns of rainfall, and their current impacts) include loss of adaptive capacity
and ecosystem services critical to lives and livelihoods in small islands [16].
There is a growing consensus that the extent and frequency of climate and climate-
related risks will increase as climate warming increases, especially on small islands [14].
Extreme weather and climate affect a wide range of economic activities that support the
SIDS and pose an additional risk for many small, low-lying islands and atolls [14]. Much
of the Pacific islands’ population, infrastructure, agriculture and freshwater resources are
situated in the coastal zone, vulnerable to sea-flooding, inundation, erosion and damage
from tropical and extratropical cyclones. In addition, food supplies are at risk due to
the islands’ dependence on coastal fisheries [6,25,26]. Negative impacts of floods often
occur mainly due to the lack of public understanding about the crucial role the drainage
systems play during wet seasons. There is often a lack of regulatory frameworks for the
construction sector [27].
A proper understanding of CC is a risk management challenge that opens up a wide
range of opportunities to integrate adaptation with economic and social development and
reduce future warming initiatives. The difficulty of designing appropriate CC response
strategies and building public support for such strategies stems partly from the inherent
complexity of the problem. Some of this complexity is associated with the physical science
of CC, but there are also many social, economic, ethical and political challenges to under-
stand and respond to CC [28]. The possibilities associated with CC in SIDS include the
protection and enhancement of rural livelihoods and social wellbeing and the resilience
of people, communities and ecosystems [29]. For countries worldwide, options include
a mix of technology advance to reduce air pollution; develop investment in renewable
energy, energy efficiency and public transport in urban areas; improve waste and water
management; and enhance disaster planning [30].
3. Limits to Adaptation
CC adaptation is an ongoing process characterised by a high complexity [31]. Previous
studies have suggested that even though adaptation methods may prevent possible impacts
of CC, there are clear limits that inhibit their effectiveness. Thus, it is vital to identify and
define these limits, as it can help improve adaptation methods and prevent maladaptation.
The term “limits to adaptation” should not often be confused with “barriers to adaptation”.
The former refers to absolute thresholds [32], while the latter is mutable. Due to the
specific characteristics of the persons concerned, the specific systems involved and the
broader context underlying the operation of individuals and systems present limitations
and obstacles to adaptation [33]. In other words, adaptation’s most critical issues do not
relate entirely to science but to the interaction of behaviours and institutions that facilitate
such actions in the political, environmental, social and economic spheres. This indicates
that adaptation in human systems is as crucial as the adaptation in natural systems and
could, at least for the short term, be even more urgent [34]. For this paper, “limits to
adaptation” is defined as Variable thresholds, making it challenging to implement climate
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change adaptation measures. An example of how these thresholds vary is the lack of a
CC policy today, with no governance systems to implement CC adaptation. This may
subsequently change when such a climate policy is prepared and implemented. So, the
limits (initially imposed by the lack of a policy) are removed once it is in place.
Limits to CC adaptation can be broken down into both “hard” and “soft” cate-
gories [31]. Hard limits refer to thresholds existing in physical systems that may induce
irreversible damage if exceeded. They are generally dependent on the rate of CC [7].
In ecosystems, for instance, hard limits may be associated with the inability to adapt to
changes in climate since these exceed their physiological capacity (e.g., droughts). On the
other hand, soft limits (e.g., technological and socio-economic options) may be described
as those that may change over time.
In some cases, the options to overcome these limits may not be available initially. In
the absence of means and space to move in exposed populations, some soft limits can
become hard limits, particularly when intangible types of damage are taken into account.
However, they may be developed in the future, unlike hard limits, which offer no such
options [31,35]. Based on the study by Barnett et al. [31], some barriers can become limits
in terms of adaptation; thus, some limits to adaptation can be overcome and converted into
barriers to new technologies, cultures, values or governance systems. Mechler et al. [36]
stated that in cases where hard limits are transgressed, financial, technical and legal support
is necessary.
As described in Table 1, Figure 1 and below, there are four typical limits to CC adaptation:
(1) Ecological limitation: it refers to situations in which ecosystems and organisms face a
decline in functionality and diversity due to their inability to adapt. A vital example
of an ecological limit is coral bleaching. Healthy corals are typically able to survive in
modestly warm temperatures. However, a slight rise above the average temperature
may result in the occurrence of coral bleaching. Continued exposure to these higher
temperatures may induce coral mortality [37]. A better understanding of the extent of
the ecological limits leads to the proper policy selection based on Barnett’s study [38],
which could form a basis for monitoring changes and communicating conclusions
covering all ecological areas.
(2) Economic limitation: it occurs when the financial costs for adaptation exceed the
amount needed to fix the damages brought about by CC. Economic limits are seen,
for instance, in adaptations initiatives concerning the rise of sea levels. The cost to
protect surrounding areas from rising seas levels may be initially bearable. However,
as the sea level rises and claims more areas, the cost of preserving the areas may
sometimes exceed the value of the items being protected [37]. Mainly because the cost
of damage to critical settlement facilities is even higher, the economic cost for SIDS
will be a significant concern. In addition, the costs of rising sea levels will be high as a
percentage of GDP, given the small size of SIDS economies [39].
(3) Technological limitation: it refers to cases where technology cannot avert the impacts
of CC. A significant problem here is the difficulty in monitoring and evaluating some
adaptation methods due to the lack of universal metric systems. CC impacts manifest
in many ways, and the lack of multilateral systems to monitor adaptation methods
is a further limit to adaptation [18,40,41]. Furthermore, research has demonstrated
that insufficient technical capability encourages existing technology, providing little
room for innovation and improvements. As CC worsens, the demand for low-cost,
reliable and long-term technologies will increase. If not addressed, these may lead
to adaptation deficits [42]. Mycoo’s [39] study showed that the use of technology,
land-use planning and ecosystem-based adaptation policies would involve drought-
proofing Caribbean SIDS. A key conclusion of his research was that, given the limited
capacity of human, technical and financial resources, prioritising practical adaptation
options is essential for Caribbean SIDS.
(4) Social limitation: it occurs when people decide that adaptation methods have failed
due to their inability to protect things they consider necessary. Adger et al. [21] sug-
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gested that four elements are inherent in any society that limit its effective adaptive
response. Successful adaptation experiences resulting from the different social priori-
ties and values could be modified or adapted in a different context. It was found that
social limits were observed because adaptation efforts were influenced by external
factors [32], which the local stakeholders cannot influence, such as global warming.
Figure 1. Examples of the limits to climate change adaptation.
Some recent studies have shown that many other unclassified limits exist regarding
CC adaptation and human physiology. For instance, the temperature of the human body
may reach fatal levels when exposed to extended periods of extreme heat [43]. A high
percentage of the global population is at the moment exposed to heat events annually, and
these induce numerous fatalities among the most vulnerable groups, such as the elderly or
those with other chronic diseases. The percentage of fatalities is expected to increase by
48% in low emission cases and 74% in high emission cases [44].
Table 1. Four types of limitations to climate change adaptation.
Types of Limitation Descriptions References
1 Ecological limitation
Natural adaptation limitations, related mainly to the natural environment, ranging from
ecosystem thresholds to geographical and geological limitations, include ecological and
physical limits. There is growing evidence that the resilience of socio-ecological systems
will be influenced by both the rate and magnitude of change and the fact that some
systems may not be able to adapt to changing climate conditions without having their
functional status and system integrity changed dramatically. Lakes, coral reefs, forests
and arid lands, for example, have shown that smooth adaptation to change can be
disrupted by unexpected and drastic changes in state, implying that an ecosystem’s
ability to withstand disturbance has a limit.
[19,45–47]
2 Economic limitation
In essence, economic limits to adaptation occur when adaptation costs exceed the costs
of the averted impacts. The high costs of protecting cities from sea-level rise against the
costs of damage from sea-level rise are examples. In general, implementing adaptation
measures entails a significant financial investment. Economic limits may also include a
cultural aspect as well as a broader social one. For individuals, communities, groups or
society as a whole, adaptation may not be culturally desirable. Costs may include both
monetary and non-monetary values and the consideration of benefits associated with
non-climate change.
[19,47]
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Table 1. Cont.
Types of Limitation Descriptions References
3 Technological limitation
When the technology to adapt to CC impacts is available but not on the scale required,
or when its application on the required scale is practically unfeasible, technological
limits to adaptation will take place. Protecting large-scale spatial areas from rising sea
levels is one example. Another example could be hard engineering options such as sea
walls and groynes with apparent limitations in technical options. If large-scale
transplantation is planned, coral transplantation techniques are undoubtedly limited in
technology considerations. The deployment location will determine the suitability of
any given technology for adaptation, the degree of CC and the country’s or community’s
current social, economic and environmental conditions, as well as management practices.
If non-climate factors that contribute to CC vulnerability are not addressed,
technological adaptation measures may only be partially effective. For example,
improving a water supply system technologically to ensure water availability during dry
spells will be of limited benefit to those who do not have access to it.
[19,20,48–50]
4 Social limitation
The social and cultural processes that govern how people react to climate variability and
change, whether in the form of prolonged drought, heavier and uncertain rainfall or
rising temperatures, are social limitations to CC adaptation. Individuals or groups are
prevented from seeking the most appropriate forms of adaptation by social limitations,
various processes relating to cognitive and normative restrictions. In this context, the
organisation and structure of social institutions are among the most important
considerations. The ‘Rule Behaviour Savior’ that govern belief systems, norms and
behaviour and organisational structure are taken to represent institutions in this
perspective. Social institutions are diverse and can be seen in local farmers’ collectives
and indigenous knowledge institutions.
[21,46,47]
The inability to correctly define -and overcome- the limits to CC adaptation poses
a considerable threat to the practical advancement of strategies and methods used in
the future to curb the global climate crisis. It is vital to understand the limits to CC
adaptation and the role of soft and hard adaptation approaches, which may be developed
and deployed to reduce the impacts of CC.
4. Methodology
4.1. Data Collection
The methodological approach used two main approaches. The first method used was
a comprehensive review of literature on CC on island nations. The second one analyses
case studies from a SIDS sample in the Caribbean and Pacific regions, aiming to identify
their limits to CC adaptation. The rationale behind this choice of methodology is two-fold.
Firstly, it allows a comprehensive overview of the works published to date regarding
CC on island nations. Secondly, they offer pertinent narratives of the CC mitigation and
adaptation challenges they face.
Furthermore, the case studies identify and document various trends, providing an
appraisal of the limits to adaptation experienced in each country. There is precedent for
such a two-pronged approach in the literature [51]. Furthermore, and significantly, the
case studies allowed for the literary analysis to complement empirical data provided by
respondents who were consulted in individual SIDS case study locations [52,53]. In light
of the research aims; conjoining both literary and grassroots-informed knowledge about
the case studies may support SIDS in their efforts to better cope with the unique climate
change challenges facing them [54,55].
In the first step, the sampled countries, including Barbados, Trinidad and Tobago, The
Cook Islands, Fiji, Solomon Islands and Tonga (Figure 2), have been selected.Table 2 shows
the characteristics of these countries in terms of population, areas and GDP. This list of
countries and case studies is not exhaustive, and each island State could be considered in
greater depth and detail. However, this study is aimed at providing a realistic account
of opportunity over the challenge. Thus, this study presents some relevant geographic
information on SIDS and their limits to the adaptation of CC. The main reason for selecting
these suggested case studies is to show the successes from which to learn and the gaps that
need to be addressed for future development planning in SIDS. The examples from the
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Pacific include some of the larger SIDS, e.g., Fiji and Tonga. For instance, in the Caribbean
SIDS, most data are available only in Spanish, making it challenging to collect and analyse
for non-Spanish speakers.
Figure 2. Schematic distribution of the six sampled islands.
Table 2. EM-DATA indicators.
Country Populations Areas (km2) GDP ($)
Barbados 287,025 439 5398 billion
Trinidad and Tobago 1,366,725 5131 45.148 billion
Cook Islands 17,459 236.7 363 million
Fiji 926,276 18,274 9.112 billion
Solomon Islands 652,857 28,400 1.479 billion
Tonga 100,651 748 655 million
Nevertheless, Trinidad and Tobago is among the greatest SIDS, and relatively more
information was available. Moreover, the most affected SIDS are located in the Caribbean,
demonstrating the region’s vulnerability to natural hazards (e.g., hurricanes). We took
these inclusion criteria of vulnerability to CC into account as the starting point to focus
expressly on Caribbean and Pacific Island region SIDS, given the low number of studies
conducted in these regions.
In the second step, a comprehensive literature review was conducted to discuss critical
aspects highlighting lessons learnt from and for CC adaptation in SIDS in different contexts.
A broad search for relevant papers and reports on SIDS in different regions was conducted
over the last 25 years (1994–2020) using significant research databases, including Google
Scholar, Web of Science and Science Direct. The collection of secondary data includes the
following significant keywords:
1. SIDS adaptation to climate change in the Caribbean and Pacific regions.
2. SIDS limits adaption and barriers.
3. SIDS soft and hard limits.
4. Typologies of SIDS adaptation limits.
Only research papers in English published in peer-reviewed international journals
were the focus of the literature review. Furthermore, selected reports published by major
international organisations, including the UN, the IPCC and the World Bank, were ad-
ditionally accommodated in this research. Finally, the study focused on selected studies
explaining specific issues related to the keywords, as mentioned earlier, while reducing the
initial large number of papers drawn from various databases.
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4.2. Qualitative Data Analysis
As described in Figure 3, the transformation of descriptive (qualitative) data into
(quantitative) measurements was achieved through a qualitative analysis involving mul-
tiple steps. The figure shows all the measures used to examine a wide range of topics
associated with climate change adaptation in SIDS. As mentioned above and shown in
Figure 3, the qualitative analysis was implemented through three main steps. The first
step was to query research databases for relevant studies (1994–2020) from various sources
(Google Scholar, Web of Science and Science Direct) and then narrowing the results down to
those articles with specific keywords on SIDS and limits and barriers to climate adaptation.
The second step involved further narrowing down the selection to studies with close links
with Caribbean and Pacific regions. The third and final step was to select only those studies
that focus on the vulnerability of Caribbean SIDS to warming beyond 1.5 ◦C.
Figure 3. In-depth research process reflecting the main steps of data collection and analysis.
5. Results
Based on the data gathered from the sample, this section describes three main aspects:
1. The status of policymaking.
2. The limits to adaptation experienced.
3. Possible opportunities generated.
The first result obtained is related to policymaking. One of the fundamental require-
ments to CC adaptation is sound policies and policymaking, explicitly overseeing how
a country handles CC management, both in mitigation and adaptation. In this context,
an investigation of the availability of CC policies was undertaken, which is a matter
of central concern in financial terms since—especially in developing countries—donor
support is often dependent on the existence of well organisation adaptation priorities
and frameworks.
Table 3 shows examples of the studied SIDS’s main climatic characteristics (past
and projected future impacts) and their climate management plans and policies. Most
investigated SIDS have relevant CC plans and policies to face observed and projected
climate impacts, although some are less comprehensive than they should be. The capacity
and accuracy of climate studies have been significantly improved to implement appropriate
policies, leading to a better understanding of ocean acidification’s impact on coral reefs on
natural systems such as zonal shifts and adverse effects [37]. Nevertheless, the information
base is limited and usually not useful for national decision-making policies. In Barbados,
the focus is on adaptation and mitigation strategies; so, there is a need for CC policy.
Therefore, in the context of the CC Policy on Adaptation and Mitigation Strategies, in
Barbados, inter-agency communication, coordination and (limited) jurisdiction of national
institutions remain insufficient [56]. Trinidad and Tobago has a “National Climate Change
Policy” and “Framework for the Development of a Renewable Energy Policy”. It has been
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developedto promote mitigation and facilitate diversification of energy systems, discussing
limits such as land arability/soil chemistry and topography, categorised as a physical and
ecological limitation [57]. Moreover, Middelbeek et al. study revealed that Trinidad and
Tobago’s community receives minimal institutional support to withstand flooding [57].
The Cook Islands has already developed climate-disaster risk reduction strategies
to deal with frequent exposure to cyclones [58]. Further, Climate impacts are entangled
with traditional leadership, tourism and emerging Christian eco-theologies in Rubow [58]
in the Cook Islands. In Fiji, national CC policies emphasise relocation from vulnerable
areas [59]. In addition, adaptation to CC merges with risk management for disasters and
community-based approaches. Nevertheless, there are specific technological limitations,
such as modelling software/models and cell phone penetration, especially in the older
demographic and more remote regions [60]. Recently, Solomon Islands has implemented
adaptation programs (e.g., IFRC Preparednessfor CC programme (PCCP) and the WWF
climate witness toolkit). However, CC adaptation programs do not consider the local
level’s knowledge and capacity, which is likely to lead to failure and maladaptation [61];
some approaches are built on traditional practices [62]. Thus, it is so important topay more
attention to local knowledge. It was reported that in Tonga, technical resources and public
education/awareness were primarily limited. In Tonga, the development of an indigenous
knowledge system plays a significant role in supporting the advancement and execution of
SDGs [63,64] and preparing for drought conditions in advance. Higher education’s current
promotion would help students concede their problems and present sophisticated and
innovative resolution strategies [65].
Table 3. Examples of past and projected future impacts and plans/policies on the investigated SIDS: Barbados, Trinidad
and Tobago, The Cook Islands, Fiji, Solomon Islands and Tonga.
SIDS Past Impacts Projected Future Impacts Climate Management and DevelopmentPlans and Policies
Overall
SIDS are highly vulnerable to marine climate changes due
to their reliance on the sea and the density of people on the
coast [16].
Slow-onset climatic changes in SLR, regional air and water
temperatures (SST) increase compatible with global
warming, rainfall and acidification) cause coastal flooding,
erosion, saltwater intrusion, habitat and infrastructure loss
and damage, food supply shortages, people’s displacement
and relocation and vector-borne diseases (VBD)
spread [16,24,26].
Extreme weather events (EWEs) such as tropical cyclones
(TC), storm surges, droughts and inundation frequently
impacted the SIDS over the last few decades [16,24].
Climate change could modify EWE’s
frequency and severity and change
the range and prevalence of
climate-sensitive diseases, particularly
VBDs in all SIDS [66].
More peak winds and rainfall will
most likely increase significantly in
the South Pacific SIDSif average
temperatures rise by 2 ◦C compared to
if they only increase by 1.5 ◦C [24,67].
National Adaptation Plans/Programmes in
Fiji; Solomon Islands; Trinidad and Tobago.
National Action Plan on Climate Change
Adaptation in Tonga.
National Sustainable Development Plan in
the Cook Islands.
Intended Nationally Determined
Contributions–NDCs in all the studied SIDS.
The above plans and policies show that SIDS
combines climate adaptation with disasters
risks management and community-based
approaches to development.
Pacific SIDS encouraged ocean governance
and Sustainable Development Goal (SDG)
[68] through the NDCs [69].
Barbados
SLR: Affected all the studied SIDS,
causing coastal erosion in
Barbados [56].
Projected likely changes in
temperature (air and SST) and the
frequency of extreme events are
expected to affect the island
highly [39].
A climate change policy focused on







Coral reefs will be affected under
current climate change scenarios
continues [71].
The development of climate-disaster risk
reduction strategies—due to high exposure
to TC—to be effectively mainstreamed into
the enactment [72].
Fiji
Extreme events and SLR lead to
inundation, declining fishery
stocks, agricultural produce and
water shortages [73], whereas
droughts associated with El Niño
facilitated seawater intrusion [74].
Projected SLR will likely endure
coastal degradation and damage [75].
National CC policies emphasise relocation
from vulnerable areas [59].
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Table 3. Cont.
SIDS Past Impacts Projected Future Impacts Climate Management and DevelopmentPlans and Policies
Overall
Solomon Islands
The high observed SLR (above the
world’s average) has permanently
inundated parts of the country,
leading to communities’relocation
[76,77].
Likely increases in SLR, tropical
cyclones (inundation) and El Niño
occurrence (droughts), and a very
likely increase in temperature would
heavily impact these vulnerable
islands [16].
Adaptation programs include the IFRC
Preparedness for CC Programme (PCCP)
and the WWF Climate Witness toolkit. Some
approaches are built on traditional
practice [62].
Tonga
Both CC and EWES, particularly
SLR and the frequent sea-flooding
during the rainy and cyclone
seasons, affected habitat and
people’s wellbeing [74].
The impacts on coastal communities
and the environment associated with
increasing SLR around the island over
the last few decades combined with
EWE’s [78] will likely increase [16].
A policy-oriented to achieve the SDGs and
Sendai framework objectives [79,80] targets
building resilience by 2035 [65].
Trinidad and Tobago
(SST increases and seaweed
invasion [81] affected fisheries
and tourism industry [82].
Drought and sea flooding will likely
increase due to temperature increase,
SLR and rainfall and TCs reduction.
However, the frequency and intensity
of TCs will likely increase [16,83].
A “National Climate Change Policy” and
“Framework for the Development of a
Renewable Energy Policy” to promote
mitigation and facilitate diversification of
energy systems [84,85].
A few examples of the positive influences of climate change are summarised in
Table 4. As shown in Table 4, and according to Hohmeyer [86], in Barbadosand Tonga, the
transformation of the energy system into renewable energy leads to improved economic
conditions, improved air quality, employment and increased community-based cooperation.
According to this table, CC’s positive influences in Trinidad and Tobago are developing an
intelligent climate and integrated renewable energy strategy. Another positive influence
of CC is linked to the Cook Islands. As shown, adaptation projects have enabled the
communities to restore their traditional farming methods to ensure food security. Climate
adaptation projects have also led to justice, gender equality and women’s employment as
well. Based on results, in Fiji, CC has led young people to increase their knowledge and
information. In addition, these catastrophes have caused the reconstruction of structures
and the empowerment of these communities in the face of climate disasters. Rising
temperatures and drought have also had positive effects on agriculture. For example,
in the Solomon Islands, it has led to sustainable agriculture, the cultivation of resistant
cultivars and better management of water resources. Therefore, it can be concluded that the
impact of CC is not always negative. For example, CC may include greener rainforests and
enhanced plant growth, increased vegetation in northern latitudes and possible increases
in plankton biomass in some parts of the ocean.
Furthermore, since it is known that CC is also only characterised by limits but may also
be associated with opportunities, respondents have been asked to list the most important
ones, according to their opinions. The data is summarised in Table 5. As shown in Table 5,
possible opportunities generated by CC are: (1) use of technologies to convert ocean heat
energy, (2) increase production of quality seedlings and fertilizers, (3) production and use
of plant resistant cultivars, (4) upgrade smart climate farming methods, (5) achieve more
international budgets to increase adaptation capacity, (6) better land management, range-
land and natural resources, (7) economic and development achievements, (8) sustainable
employment, (9) increasing resilience and flexibility and (10) combining indigenous and
modern knowledge.
Apart from the data gathered and summarised in the previous tables, further results
from the case studies are provided. These are as follows.
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Table 4. Positive influences of climate change.
Country Positive Influences of Climate Change
Barbados
The transformation of the energy system into renewable energy would help in the:
(i) Intensification of the economy; (ii) Improvement of air quality; (iii) Generation of
employment options; and (iv) Community-based cooperation [86].
Trinidad and Tobago
Diversification and establishment of renewable energy technologies [87].
Conversion of the current urban focus into climate-smart development [88] involves
incorporating advanced Renewable Energy Technologies into the energy mix [89].
Cook Islands
Early germination of mangoes in July [71].
40% increase in Skipjack tuna catch rates by 2035; numerous possible employment
opportunities also flourish.
Adaptation Projects have enabled communities to restore their traditional farming
methods to ensure the constant supply of fresh food.
Climate adaptation Projects promoted gender equality and women’s
employment [90].
Fiji
Awareness-raising and capacity building activities have endeavoured to engage
young people in various ways [91,92].
The relief and development community of the island has built a perception for a
long time that “the best time to build back better and stronger is in the wake of a
disaster” [93,94].
Solomon Islands
The warmer climate and changing rainfall seasons benefitted farmers [79,95].
Temperature rise and drought imposed positive influences on people’s agriculture,
which allows them to be engaged in planting drought and heat-tolerant crops
leading to sustainable agriculture [52].
Temperature variations have enabled people to adapt better to respiratory diseases
and retain better health [96].
Tonga
The transformation of the energy system into renewable energy would help in the:
(i) Intensification of the economy; (ii) Improvement of air quality; (iii) Generation of
employment options and (iv) Community-based cooperation [86].
Table 5. Possible opportunities generated by climate change.
Country Possible Opportunities Generated
Barbados
The raised SST could be used as an advancement key to the ocean thermal energy
conversions technologies [97,98].
Trinidad and Tobago
The seaweed invasion could be used as a bioenergy source [82] and manure for
producing better quality seedlings [81].
Cook Islands
The introduction of heat and drought-resistant crops prototypes. Rainwater
catchment areas have been invested in promoting agriculture avenues. The maritime
sanctuaries are extended, and fishing restrictions are imposed [99]. A new Harbour
can endure up to 500 cm in SLR and Category 5 cyclones [100].
Fiji
The Fijian government’s lead role at COP 23 provided an opportunity to access
international funding to enhance adaptive capacity [101].
Solomon Islands
New adaptation plans are inspired by the lessons learned from the
community-coordinated relocations in coastal proximity [77].
The mainstreaming of disaster risk reduction measures should be integrated with
the newest (re)construction stages. It was learned that chiefs might be more
favourably disposed to their customary owned land for resettlement during the
crisis [102]. The economic and development gains may lead to growth, jobs and
long-term sustainable and climate resilience.
Tonga
Addressing climate-related hazards increased economic growth, job offers and
long-term resilience [79,103].
Indigenous knowledge reduces food and water scarcity by storing and planting
drought-resistant crops and conserving water [63,64].
Incidentally, the local populace is predominantly Christian by faith [52]; wherefore,
adaptation stakeholders may leverage faith-engaged approaches for effective and
locally meaningful responses to climate change [55].
5.1. Barbados
The IPCC has projected significant alterations in Barbados weathers, including fluc-
tuating rainfall, elevated air temperature and SST and increased daytime temperatures.
The high probability and increased frequency of extreme catastrophic events are also ex-
pected, such as floods, droughts, SLR, heavy rains and intense tropical cyclone activity [16].
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Additionally, the secondary impacts, including algal blooms of Sargassum seaweed [104],
transcontinental dust clouds [105] and vector-borne diseases [106,107] have been observed.
5.2. The Republic of Trinidad and Tobago
The effects of CC on Trinidad and Tobago are multifaceted and impose its hazardous
impacts on population health, agriculture, water resources, the ecology of coastal zones and
tourism [81]. The negative impact of CC has resulted in SST increases, providing Sargassum
seaweed with a suitable environment for expansion resulting in seaweed invasion and
plaguing at islands’ coastlines in 2015 [81]. This phenomenon impacted the local fisheries
and tourism industry [82] as well as its cleaning process cost approximately USD 454,000
to Tobago [81]. Trinidad and Tobago are legislatively obliged to acquire a low carbon
footprint because it has been a sanctioned signatory body of the Kyoto Protocol and the
UN Framework Convention on CC [108].
5.3. The Cook Islands
The risks due to CC are multiple and high [64], including augmented ocean acidi-
fication and salinity, SLR, coral bleaching and disease, elevated salt spray pressure and
increased sea surface, land and air temperature [109]. Despite the escalating intensity of
cyclones and droughts for the Cook Islands and southeast Pacific, their frequency will be
decreased [63,71,110]. A loss of around 36% of Coral reefs from the 1990s to 2015 has been
observed. Further, coral area eradication between 25% to 65% by 2030, 50% to 75% (2055)
and 90% to 100% by 2100 is predicted [71]; unless any strict actions are taken to restore
coral reefs. The impact of coral reef extinction would be significant on marine ecology and
the global economy. The eradication of the coral reef would lead to a 20% decline in the
food supply in lower zooplankton, algae and primary biomass production. It will influence
all other species by reducing marine habitats as well as interfering with marine ecology.
For example, the Giant clams and green turtles may decline by 10–30%. On the other
hand, invertebrates, pearl, clam, trochus, milkfish and marine ornamental are considered
coral-dependent species are projected to diminish by 50% by 2035 and 90–100% by 2100 if
the current A1B scenario continues [71].
5.4. Fiji
The changing climate and related risks due to extreme climatic events have impacted
the Fijian economy and environment (e.g., coastal inundation, SLR, declining fishery stocks,
agricultural produce and water shortages [73]. Many developments and infrastructure,
and human settlements in Fiji are located along with the coastal areas. They are projected
to endure coastal degradation and damage due to SLR [75]. Fiji presided over Conference
of Parties 23, hosted by the UNFCCC secretariat in Bonn, Germany, in November 2017.
It was the first time a small Pacific Island country hosted one of the major international
conferences. This is perhaps the most significant opportunity for Fiji to showcase its
presence in the global community.
5.5. Solomon Islands
The Solomon Islands (SI) are highly susceptible to climate-induced alterations’adverse
impacts [10]. Climatic events such as tropical cycle and related storms, changing precipi-
tation patterns, droughts, SLRs, flooding in saltwater, heat stress and acidification of the
ocean all threaten people’s livelihoods and affect every economic sector of society [111,112].
The SI, located near the Pacific Ring of Fire, have a history of being affected by geophysical
hazards. Therefore, coastal communities are well-acquainted with the risks and vulnerabili-
ties of seaward exposure [113]. Moreover, the average local SLR is estimated to be 7–10 mm
per year, which is equal to about three times the global average of 2.2 mm [78], thus sit-
uating local SLR in SI among the highest globally; several parts of the country are now
submerged under the sea [76]. Secondary consequences of saltwater intrusion include the
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risk of food security crises [114]. As in the other parts of the SI archipelago, the compound
effects of CC and other issues have resulted in the relocations of communities [77].
5.6. Tonga
The Tonga archipelago has been affected by CC induced impacts such as tempera-
ture rise, changing rainfall seasons, droughts [74,115]. However, increasing rainfall and
humidity expedite the preservation of forest and mitigation through increasing carbon
update, which in turn allows growth and development of young forests [64,95,103]. Table 1
summarises the status of policymaking in the sampled countries. It reflects that aspects of
policymaking are relatively weak overall. The subsequent parts of this paper will offer a
more in-depth analysis of the mechanisms which play a role in their policy processes.
6. Discussion: The Opportunities Offered by Climate Change and the Role of Policies
The findings presented here outlined the many pressures faced by SIDS. When cross-
checked against the literature, they show that the economy and environment of SIDS have
been impacted severely by climate extremes. Data from previous works [116] recognise
that even grossly adverse aggravating circumstances may give rise to certain positive
side-effects. These would be worth identifying and capitalising on even while efforts
continue to ameliorate and redress the unavoidable and negative consequences of CC.
Even thoughclimate change impacts island nations in significant ways, there is little data
on response times. It is, however, clear that adaptation action is relatively urgent and
cannot wait for long periods.
Focusing specifically on the environmental, climatic and sociocultural contexts of
SIDS, this paper highlights pertinent opportunities that arise from case studies conducted
in Barbados, The Republic of Trinidad and Tobago, The Cook Islands, Fiji, The Solomon
Islands and Tonga. In an attempt to establish the context for the subsequent discussion, a
range of opportunities are presented, some of which are straightforward and, to an extent,
common-sense in their approach. However, they may serve the purpose of supporting the
mitigation and adaptation efforts on island nations. Opportunities include the following
possible prospects:
(a) Emphasis on education: progressive CC could benefit from an increased emphasis
placed towards education, thereby strengthening the social and human capital, which
can be expected to enhance efforts on in situ and ex-situ adaptation. This suggestion
has already been advocated for atoll archipelagic environments elsewhere [117] and
seems broadly transferable to the situation of SIDS generally. Opportunities in this
area also include raising grassroots awareness and capacity in areas of community-
based adaptation (CBA). This extends from the construction of formal and informal
settlements, the type of economic activities considered, correct knowledge on what to
do in the event of extreme climate-related events, and the safeguarding in general of
community resilience.
(b) Improved information: when stakeholders and policy-makers are informed of the
issues pertinent to their continued survival, they are encouraged to become more
engaged. Improved information needs to be accompanied by a systematic change
in thinking and acting to facing these challenges in an anticipatory manner, which
will take time to implement. Improved information needs to be accompanied by a
systematic change in thinking and acting to facing these challenges in an anticipatory
manner, which will take time to implement.
Some poor and highly vulnerable countries will have to adapt rather quickly to the
adverse conditions created by CC.Such adaptation holds the promise that nations may
leapfrog stages of development by adopting more advanced and sustainable technologies
that can thereby accelerate the pace of implementing climate-smart innovations that can
lead to an overall increase in the quality of life. Hence, opportunities are raised that offer
prospects of reductions in economic and developmental disparities. Implementing policies
intended to build capacities of nationals from SIDS to build, maintain, service and develop
J. Mar. Sci. Eng. 2021, 9, 602 15 of 22
such leapfrog technology would be crucial to instituting more effective contingency plans
in anticipation of future extreme weather events.
As SIDS continue to urbanise, there will be emergent opportunities to leverage higher-
density living for sustainable development. Reduced use of fossil fuels in transportation
can contribute to global decarbonisation efforts and concurrently rebound more promptly
from extreme weather events by lowering their supply-chain dependence on globally
sourced fossil fuel imports.
It is also anticipated that the pace of adaptation overall will be accelerated. Such
acceleration should lead to a more rapid regulation and mainstreaming of post-fossil fuel
technologies and the transformation of energy systems through the ever-increasing uptake
of alternative modes of transportation such as cycling and electric vehicles. Of course, the
necessary infrastructure will need to be in place to cater for such changes, for example,
electric vehicle charging points and roads, which cater more appropriately for cyclists.
Given the high rates of motor vehicle accidents in many SIDS, enhanced road safety is a
compelling prospect and opportunity.
The vulnerability of small island environments in the face of CC has already engen-
dered significant commitments and public pronouncements on the part of some SIDS
towards carbon neutrality. Such level of engagement demonstrates the intrinsic motivation
and immediate investment on the part of low-lying archipelagic countries and communities
to reduce their reliance on fossil fuel-derived development progressively. Thus, as wind
farms and solar photovoltaic (PV) renewable energies are progressively mainstreamed,
there will be opportunities to foster energy independence. Apart from reducing their
dependence on importing fossil fuels, the increase in renewable energies can create a
multiplier effect that can benefit entire economies if done to see revenue, job creation and
societal benefits. This makes financial sense aside from mitigation and adaptation efforts in
light of CC, as new commercial opportunities can help increase revenue in several ways
(such as taxation and migration of skilled workforce).
Further, a host of opportunities may be found in the enlistment of private sector sup-
port for adaptation investments, including in areas of systems adaptation. Unfortunately,
some SIDS will require intellectual and financial capital from other nations to implement
mitigation and adaptation strategies. More intensive governmental and private relation-
ships should be developed to bring relevant skills, technology, finance and infrastructure
to a given island state. When public and private partnerships tackle the pressing issues
facing some SIDS, this innovative approach can deliver some long-lasting impact and a
diverse range of new opportunities may develop. The danger comes from the potential
of exploitative relationships by one or more party members, whereby the interests of
sustainable development are compromised for economic growth, which should be avoided.
Finally, in terms of paradigmatic approaches, it is conjectured that CC will further
facilitate a shift in thinking from a predominantly reactionary to a more precautionary
approach, also including disaster management [93,118]. By shifting the mindset of policy-
makers from dealing with challenges to leveraging opportunities, the result can shift the
economies of SIDS onto more sustainable development trajectories. Of course, as extreme
weather events continue to occur with increasing intensity and/or frequency, this may
upset the kind of stable conditions required to promote change. Consequently, if a large
proportion of resources is repeatedly spent recovering from events, it may be not easy to
embrace this paradigm shift in policymaking. (The exposure of SIDS to financial challenges
in the wake of disasters was powerfully exemplified in the Maldives’ experience of the
Boxing Day Tsunami, which saw the archipelagic nation incur “estimated total damages
equal to 62% of the nation’s Gross Domestic Product” [117] or after the hurricanes Maria
and Irma in the Caribbean).
This is where a consortium of nations may stand to benefit from pooling their resources
together to develop strategies and policies that can apply to many, if not all, SIDS. Instead
of thinking in terms of national boundaries and territoriality, a SIDS-inclusive collaborative
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approach to sustainable development may be a way of systematically adopting measures
that can (a) reduce their vulnerability and (b) increase their resilience to CC.
In short, the positions presented here are rather multifaceted and holistic, broadly
delineating that the consequences of CC may be concurrently negative and yet offer
opportunities. The analysis and synthesis presented by this case study suggest that it
would be worth identifying and capitalising on opportunities, even while efforts continue
to ameliorate and redress the unavoidable and negative consequences of CC.
Indeed, there will be complexities and limitations to the implementation of such
opportunities. SIDS only have a finite amount of resources to rely upon. With many other
pressing day-to-day, short-term challenges facing diverse stakeholders, duty bearers, policy-
makers and decision-makers, implementing and adapting these strategies will require a
substantial commitment from individual states or a multi-state consortium.
Finally, a recent paper [5], based on summative content analysis techniques and
semi-structured interviews with policy-makers, reported the limits of adaptation in the
Caribbean SIDS. The primary limits are finance, technical capacity, data and records, natural
resources and characteristics, human resources, knowledge and understanding of the effects
of the climate. Some policies to address these constraints include (i) the depoliticization
of CC; (ii) the prioritisation of good governance; (iii) the improvement of the access of
SIDS to international financing for adaptation; and (iv) the road to a climate-resilient future
through walking [5].
7. Conclusions
This paper provided an overview of the extent to which CC affected SIDS and outlined
some of the limits experienced by island nations in coping with CC. The first part analysed
the literature over the past 15 years on the vulnerability of small island states to CC. In
contrast, the second part presented empirical case studies where readers can see the current
trends.The third part outlined some of the necessary measures in small island states so that
opportunities from CC can also be exploited. The main issue analysed in this study was
“how and to what extent the challenges by human activities (e.g., agriculture and tourism)
posed to SIDS could be addressed”. These findings suggest that financing for adaptation
and resilience-building is essential and urgent for SIDS, as they struggle to cope with the
challenges posed by a changing climate.
These results also show that some limits need to be overcome. For instance, SIDS
adaptation plans should look for funds to build their adaptive capacity, emphasising
overcoming the problems (e.g., access to technologies) posed by economic constraints.
In some cases, improved governance structures are needed to foster an adequate and
sustainable adaptation of SIDS to climate change.
Due to the geophysical characteristics of SIDS, limiting global warming to 1.5 degrees
may alleviate the pressures CC poses to them. However, it cannot exclude the risks of
damage to ecosystems, infrastructure and properties, triggered by even lower temperature
increases. This state of affairs suggests that, apart from global measures to mitigate CC by
reducing CO2 emissions, it is crucial to design and implement suitable adaptation measures
to allow SIDS to better cope with CC’s short-term impacts. These measures, when properly
implemented, can:
(1) Help to extend the limits to adaptation, reduce the effects of coastal erosion, saltwa-
ter intrusion, flooding and other phenomena, which currently pose a threat to the
economies and livelihoods of inhabitants of small island nations.
(2) Help alleviate poverty influenced by unsuitable climatic conditions, which negatively
influence economic activities and affect human wellbeing.
(3) Assist in reducing the hardships caused by extreme events, securing livelihoods and
assisting in sustainable development.
(4) Foster territorial integration and cohesion by uniting the various parts of SIDS, which
are often conceived in isolation.
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Our findings’ crucial implication is that adaptation responses are underpinned by di-
verse and contested values, underpinned by social-economic, ecological and technological
considerations, thus defining mutable and subjective adaptation limits. The authors believe
that given the diverse values of different actors, there is a compelling need to recognise
implicit and hidden values and interests before purposeful adaptation interventions (e.g.,
improving the livelihoods of inhabitants of small island nations). Consequently, we suggest
that a governance framework is needed to recognise and address the complexity of the
manifestation of territorial integration. In this way, this study argues that despite the
technological and ecological limits (hard limits) affecting natural systems, adaptation to CC
is limited by such complex forces and societal factors (soft limits) that could be overcome.
In terms of future perspectives, while global reactions to CC uncertainty and IPCC
projections have primarily focused on mitigation, SIDS need to have targeted adaptation
goals to handle existing and future risks. In addition, as temperatures increase, the exacer-
bation ofglobal warming puts SIDS at even greater levels of risk, calling for measures to
increase their resilience and reduce their vulnerability,
The conceptual contribution of this study envisions that CC poses constraints as well
as significant systematic opportunities. This paper has outlined some potential action areas
through examples from various SIDS opportunities for CC mitigation and adaptation. Even
though the current literature primarily focuses on the problems caused by or associated
with CC, the paper emphasises how positive influences can generate multiple economic
sectors opportunities. The presented case studies highlighted examples in agriculture,
aquaculture, climate-proofing infrastructure, community development, education, health,
migration, renewable energy, tourism and trade. For instance, higher land and sea surface
temperature favour specific tourism destinations, alternative agricultural processes and
drought-resistant crops can be mainstreamed rather than being seen as an alternative.
The findings reported in this paper suggest that a resilient SIDS, therefore, relies on the
(i) knowledge of different values, (ii) understanding of particular and variable impact
vulnerabilities and (iii) acceptance through the changes in certain losses. The capacity to
adapt is partly determined by technology and learning availability but mainly by treating
vulnerable populations and places within the context of social decisions.
One of the crucial messages of this paper is whether existing limits may constrain
communities’ adaptation capacity; their impact can be reduced utilising proper processes
that may address their drivers. For instance, improved policies and political frameworks
may help address the technical and social barriers, whereas more coordinated action may
improve the chances of tackling the economic ones. All in all, a better understanding of the
limits to adaptation may provide a better basis upon which their impacts can be reduced.
Adapting to increased risks minimises future disruption costs, increases recovery time and
enhances resilience. Further research examining the CC opportunities in SIDS should seek
better to understand the level of public support for such initiatives. Perceptions of decision
and policymakers, of the business community and citizens should also be investigated to
allow the development of fit-for-purpose policies for individual SIDS.
Furthermore, future research could also consider the potential for broader policy and
strategy frameworks in SIDS and multi-stakeholder cooperation to maximise synergies
and minimise duplications in respect of mitigation and adaptation efforts.
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